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(57) A process for producing a polyoxyalkylene 
derivative substituted with succinimidyl group which 
comprises reacting a polyoxyalkylene compound having 
carboxyl group at ends with N-hydroxysuccinimide in an 
inert solvent in the presence of dicyclohexylcarbodiinv 
ide; f iltering an obtained reaction product; and crystalliz- 
ing the polyoxyalkylene derivative substituted with 
succinimidyl group by adding isopropyl alcohol to a fil- 
trate obtained by the filtration, an amount by weight of 
isopropyl alcohol being 1 to 100 times as much as an 
amount by weight of the polyoxyalkylene compound 
having carboxyl group at ends. 

Materials can be handled with safety in the process 
of the present invention, and a highly pure polyoxy- 
alkylene derivative substituted with succinimidyl group 
which does not cause turbidity in an aqueous solution 
and has an excellent quality as a material for drugs can 
be produced. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to a process for producing a polyoxyalkylene derivative substituted with succinimidyl 
group. More particularly, the present invention relates to a process for producing a highly pure polyoxyalkylene deriva- 
tive substituted with succinimidyl group which is mainly used for drugs, for example, for modification of polypeptides, 
physiologically active proteins, and enzymes with polyoxyalkylene groups, and modification with polyoxyalkylene 
groups in drug delivery systems using liposomes and polymer micells. 

PRIOR ART OF THE INVENTION 

In recent years, many attempts have been made for stabilizing drugs by chemical modification of physiologically 
active proteins and enzymes. Among these attempts, chemical modification with a polyoxyalkylene derivative has long 
been made, and polyoxyalkylene derivatives having carboxyl group at the end of the molecule are known as typical 
examples of such a polyoxyalkylene derivative. 

It is already disclosed that polyoxyalkylene compounds having carboxyl group at the end can generally be trans- 
formed into an activated polyoxyalkylene derivative substituted with succinimidyl group by the reaction with N-hydroxy- 
succinimide in the presence of dicyclohexylcarbodiimide to increase the reactivity with substances for the modification 
such as physiologically active proteins (the specifications of Japanese Patent Application Laid-Open No. Showa 
62(1987)-1 85029, Japanese Patent Application Laid-Open No. Showa 63(1988)-60938, and Japanese Patent Applica- 
tion Laid-Open No. Heisei 4(1 992)-1 64098). 

Heretofore, for preparation of a polyoxyalkylene derivative substituted with succinimidyl group, a polyoxyalkylene 
compound having carboxyl group at the end is brought into reaction with N-hydroxysuccinimide in an inert solvent such 
as dimethylformamide in the presence of dicyclohexylcarbodiimide. After the reaction has been completed, formed 
dicyclohexylurea is removed by filtration, and the filtrate is added into ethyl ether or petroleum ether dropwise to precip- 
itate the polyoxyalkylene derivative substituted with succinimidyl group as the product (for example, the specification of 
Japanese Patent Application Laid-Open No. Showa 62(1987),89630, and A. Abuchowski et al., Cancer Biochem. Bio- 
phys. Volume 7, Pages 175 to 186, published in 1984). 

In recent years, it is required that polyoxyalkylene derivatives used for chemical modification of physiologically 
active proteins or drug delivery systems using liposome be produced in a controlled environment such as a clean room. 
In the production of polyoxyalkylene derivatives substituted with succinimidyl group, using a large amount of an ether in 
the crystallization process is not preferable in view of handling because ethyl ether and petroleum ether which have 
heretofore been used are volatile, and the danger of causing fire is large. When the precipitation is conducted by using 
petroleum ether, complete removal of dicyclohexylurea formed from dicyclohexylcarbodiimide during the reaction is 
sometimes difficult. When dicyclohexylurea is left remaining in the polyoxyalkylene derivative substituted with succinim- 
idyl group, an aqueous solution of the derivative becomes turbid, and using such a derivative as a raw material for drugs 
is not desirable. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention has an object of providing a process for producing a highly pure polyoxyalkylene 
derivative substituted with succinimidyl group which enables handling of materials with safety and provides the polyoxy- 
alkylene derivative not causing turbidity in an aqueous solution and having an excellent quality as a material for drugs. 

As the result of the extensive studies conducted by the present inventors to solve the above problems, it was dis- 
covered that dicyclohexylurea can effectively be removed by reacting a polyoxyalkylene compound having carboxyl 
group at the end with N-hydroxysuccinimide in the presence of dicyclohexylcarbodiimide, filtering the obtained reaction 
mixture, and crystallizing the polyoxyalkylene derivative substituted with succinimidyl group by adding tsopropyl alcohol 
to the filtrate obtained by the f fltration. The present invention has been completed on the basis of the discovery. 

Thus, the present invention provides: 

(1) A process for producing a polyoxyalkylene derivative substituted with succinimidyl group which is represented 
by general formula [2]: 
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[0{(CH 2 CH 2 0).(AO) k }OCO(CHz)«COONQ ], 

0 6 

Z — [0{(CH 2 CH 2 0)d(AO)«}(CH 2 ),COON^ ]» 

\ 0 

[0{(CH 2 CH 2 0)c(AO) b }R]. C2] 



(wherein Z represents a residue group derived from a compound having 2 to 4 hydroxy! groups; R represents 
hydrogen atom or a hydrocarbon group having 1 to 24 carbon atoms; AO represents an oxyalkylene group having 
3 or 4carbon atoms; a. d and g represent each an average number by mol of addition of oxyethylene group which 
is 0 to 1 000. and a+d+g = 30 to 1 ,000 ; b, e, and h represent each an average number by mol of addition of oxy- 
alkylene group which is 0 to 200; (b+e+h)/(a+d+g) = 0 to 0.2 ; the oxyethylene groups and the oxyalkylene groups 
are added to each other randomly or to form blocks; c represents 1 to 4; f represents 1 to 3; p represents 0 to 4; m 
represents 0 to 4; n represents 0 to 3; p and m do not simultaneously represent 0; and p+m+n = 2 to 4 ) which com- 
prises reacting a polyoxyalkylene compound having carboxyl group at ends which is represented by general for- 
25 mula[1]: 

y [OKCH 2 CH 2 0).(AO)t)OCO(CH 2 )cCOOH] B -. 
Z - [0((CH 2 CH 2 0)XAO)«}(CH 2 ).COOH]« 

x [0{(ch 2 ch 2 o),(ao)hIr]. - 



(wherein Z represents a residue group derived from a compound having 2 to 4 hydroxy! groups; R represents 
hydrogen atom or a hydrocarbon group having 1 to 24 carbon atoms; AO represents an oxyalkylene group having 
3 or 4 carbon atoms; a. d and g represent each an average number by mol of addition of oxyethylene group which 
is 0 to 1 000 and a+d+g = 30 to 1 .000 ; b. e. and h represent each an average number by mol of addition of oxy- 
alkylene group which is 0 to 200; (b+e+h)/(a+d+g) = 0 to 0.2 ; the oxyethylene groups and the oxyalkylene groups 
are added to each other randomly or to form blocks; c represents 1 to 4; f represents 1 to 3; p represents 0 to 4; m 
represents 0 to 4; n represents 0 to 3; p and m do not simultaneously represent 0; and p+m+n = 2 to 4 ) 
with N-hydroxysuccinimide in an inert solvent in the presence of dicyclohexylcarbodiimide; fdtenng an obtained 
reaction product; and crystallizing the compound represented by general formula [2] by adding isopropyl alcohol to 
a f iHrate obtained by the filtration, an amount by weight of isopropyl alcohol being 1 to 100 times as much as an 
amount by weight of the compound represented by general formula [1]; 

(2) A process according to Claim 1 . wherein the crystallization of Ihe compound represented by general formula [2] 
is repeated by repeating procedures of dissolving the compound represented by general formula [2] which has 
been separated by preceding crystallization in an inert solvent and crystallizing the compound represented by gen- 
eral formula [21 from an obtained solution by adding isopropyl alcohol; 

(3) A process according to Claim 1. wherein isopropyl alcohol is added at a temperature of 0">C or lower in an 
amount by weight 2 to 50 times as much as an amount by weight of the compound represented by general formula 

(4) Awocess according to Claim 2. wherein isopropyl alcohol is added at a temperature of 0*C or lower in an 
amount by weight 2 to 50 times as much as an amount by weight of the compound represented by general formula 

[1]. 
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DETAILED DESCRIPTION OF THE INVENTION 

in the present invention, a polyoxya.ky.ene compound having carboxy. group at the end which is represented by 
general formula [1]: 

[0KCH»CH,0).(AO)J0C0(CH.).C00H], 
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Z 1[0{(CH,CH.0)-(A0>.)(CH,).C00H] 
[Ol(CHiCH,0),(AO)h}R3. 



is used as the starting materia.. In general formula [1]. Z represent a residue group denved *™ a< ^ U £^ . 
2 to 4 hydroxy! groups; R represents hydrogen atom or a hydrocarbon group having 1 to 24 cartoon ^ttmAC > r* ra 
sents aTcZkylene group having 3 or 4 carbon atoms; a. d and g represent each the average number by mo. of add. 
sents an °^«^ ,ene .. ' " tn - 000 and = 30 to 1 ,000 ; b, e. and h represent each the average number 

oxierXcxl a3ded to each other randomly or to form blocks; c represents 1 to 4; f represents 1 to 3: p rep- 
SeS 0 toTm represents 0 to 4; n represents 0 to 3; p and m do not simultaneously represent 0. and 

^T^A, compound having 2 to 4 hydroxyl groups which provides the residue group repented by Z in 
^^Z^Z^C^Zol^en^, 1.2-butyienegrycol. 1.3^leneglyco^3^neg l y- 
S SralCne Qlyco.. glycerol, diiycerd. erythrito., 1 ,3.5-pentanetno.. tiimelhylolethane. trimethytoforopane, and 

P TxaS'of the hydrocarbon group having 1 to 24 carbon atoms which is represented by R in general formula [1] 
IhJmSm « unsaturated linear ohbranched aliphatic hydrocarbon groups, such as methyl group, ethyl gmup 
orSc^iS^S group, butyl group, isobutyl group, tertiary-butyl group, pentyl group, isopentyl group, hexyl 
Z£ SlwS £5*3 group octyl group, isonony. group, decyl group, dodecy. group, .sotndecyl group, 
SeS oXp ZdecZoupTcLdecyl group, isostearyl group, oleyl group, octyldodecyl group. docos* group. 
a^SeZcTflW^ aromatic hydrocarbon groups, such as benzyl group, cresyl group. b***^*"* 
dWenyl groui. octyTphenyl group, nonylpheny. group, dodecylpheny. group. d,octy1pheny. grou* and d-nonybhe- 
nySup. An»ng mese groups, methyl group, ethyl group, and propyl group are partiajlarty P^^a 

Examples of the oxyalkylene group having 3 or 4 carbon atoms which is represented by AO in general formula [1] 
inc.uSTSpropy.ene group, oxybutylene group, and oxy.etramethy.ene ^^T ^ 
formed by addition polymerization of propylene oxide, 1 .2-butylene oxide, or tetrahydrofuran. 

TaenSm^^^ 
reprlm^ 

[s *e possibility that faming precipitates is difficult in the crystallization. When the total of a. d. and g is more than 
1 000 there is the possibility that the viscosity is excessively high to cause inferior workability. 

fn genera! formal e. and h represent each the average number of addftion of an oxyalkylene group having 3 
or 4 JZtmTb l and g represent each 0 to 200. The ratio (b+e^a+d+g) which is the jrato of the number of 
addrt^Tth^ 

r^yeZIene group is more lhan 0.2. the polyoxyalkylene derivative subsMuted wrth succimimiyl group tends to be 

liquid to cause difficulty in forming precipitates in the crystallization. r ^ raennte 

*Tgenera.fon™^ 

1 to 3 Either when c represents 5 or more or when f represents 4 or more, the raw material is difficult to obtain. 

50 fngene^t^ 

represented by Z which is derived from the compound having hydroxy, groups, p represents 0 to 4. m represent 0 to 
4^Snrepresems0to3.p + m + nis2to4. In genera, formula [1]. P and m do not simultaneously represent 0.,.e.. the 
compound represented by genera! formula [11 has at least one carboxyl group. 
Tthe process of the present invention, the polyoxyalkylene compound having carboxyl group at the .end wh,c us 

55 reoresented by genera, formula [1] is brought into reaction with N-hydroxysuccm.rn.de in an inert sofvent in the pres- 

represented by general formula [2]: 
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[0(CCH.CH.O).(AO) fc }OCO(CH.).COON^]]. 

O O 

Z - CO(CCH,CH.O)-(AO).](CH.),COON^J 3- 

0 

[O KCHtCHiO).(AO)*} R3. 
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,„ genera. formuia * Z represents a residue group ^^^^J^^Z^^ 
4; n represents 0 to 3; p and m do not simultaneously represent 0; and p+m+n = 2 to 4 

vent having hydroxy! group such as methanol reacts with the carboxyl group at the end of ^ 
con^SSettion 1 N-hydroxysuccinimide. When a compound harfng ca*^ —J a ^ J 

used as the solvent the solvent reacts with N-hydroxysuccinimide .n competton wrth the carboxyl group at the end of 

with represented by general formula [11 is preferably 1.0 to 2.0 times, more preferably .2 to 1J toes. 

^mu^sTe amoS by mof of the carboxyl group in the compound represented by general formula [1]. When the 
35 ZS^!nSSS^2^ teSs tm ithe amount by md of the carboxyl group in the compound rep*, 
S?b7 oTneVJ TWrnSnn reacted camoxyl group which is not substituted wHh N-succ.n,m,dyl group » left 
S££ Wh^Ca^ri by^ N-hydro^<Lmide is more than 2.0 times as mu* as the amount by mo of 
Z^ZyVgrTup in the compound represented by general formula [1], the amount d <"WW*x^^ 
SrSSiaS* the reacton is increased, and the process is economically disadvaritageous^oreover, the com- 

mat the ourity of the polyoxyalkylene derivative substituted with succ.nim.dyl group .s decreased 

inta Z IhepSenl invention, the amount by mold dicyclohexylcarbodiimide when s present .n the reac- 
tion S ^e £^unC!2med by general formUa [1] and N-hydroxysucdnimide is preferably 1 -° ^ tmes^more 
n2«™SvV2to1 7 times as much as the amount by mol of the carboxyl group in the compound represented by gen- 
m S SmLla m WneTtTe S mo. of dicyclohexylcarbodiimide is less than the amount by mo. of *e carboxyl 
™u£T*e SmZnd Represented by general formula [11. there is the possibility that the reacton does not proceed 
sZlTw^^Sl,! 2 dlcyck^cartjodJimide is more than 2.0 times as much as the |™unt^ mol 
^MmTJTrSlnfte <2mpound represented by general formula [11. the process is economically d.sadvanta- 
aeSTs oom^T^ ol the excess amount of dicydohexylcarbodiimide by the crystall.zat.on 

^ K?e pronto present invention, the temperature of the reaction of the compound represented by genera. 

Son is MtomST^Htito feato* Therefore, a long time is required for the reacton. and there B the pos- 
S^^^ofthe reaction is not increased sufficient*. When the temperature of the , n*cton , « » h.gher 
Sn^O-C there is the possibility that undesirable side reactions, such as decompose of sucan.rn.dyl groip. fate 
SJe The Si the rSn ofthe compound represented by general formula [1J with N-hy.lmxysucan.mKJe* pref- 
erably rto Srhoura more preferably 5 to 24 hours. When the time of the reaction is less than 2 hours, the reacton of 
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the carboxyl group at the end of the compound represented by general formula [ wrth N^m^n^dedMsnot 
su«SenUvoroceed and there is the possibility that unreacted carboxyl group is left remaining. As the time of the reac- 
ton 30 1 hou^e generally sufffciem. When the reaction is continued for more than 30 hours, there is the poss.b,.ity 
that undesirable side reactions, such as decomposition of succinimidyl group, take place. 

In the process of the present invention, the compound represented by general formula [1] is brought 
with N-hydLysuccinimide in the presence of dicyclohexy^carbodiimide. D j^^ ur ^ 
dicvclohewlcarbodiimide with water is removed from the reaction solution by filtration, and the filtrate containing the 

pol^ 
TmaS 

is haXoSe in the solvent used for the reaction can be removed. In general, fitters which having 
diamSers of 1 to 10 urn have resistance to the solvent, and are made of various matenals. such as paper and glass, 
S^?s2 T?e aX£7Z filtration is not particulariy limited, and various methods, such as filtration under an 
added Dressure or under a reduced pressure and centrifugal filtration, can be used. 

* ££££ ^ the present invention, the compound represented by genera, formula [2] is c^^ byaddmg 
isopropyl alcohol to thef iltrate which te obtained by removing dicyclohexylurea from the reaction r™xturebymef^ton 
The'amount by weight of the added isopropyl alcohol is 1 to 1 00 ^^^X^^Z^SSSZ 
bv weiqht of the compound represented by general formula 1 . When the amount by weight of isopropyl alcohol is less 
£5 Tamount^wSght of M cornpound represented by general formula [1], the compound represented by general 

f21 is left remaining in the solution. When the amount by weight of isopropyl alcohol is more than 100 times as much as 
Se a^mS we'ight of the compound represented by genera, formula [1], the total volume ™** 
increase in the time for the filtration, and the workability is decreased. Moreover, there is the possibilrty that the yield of 
polyoxyalkylene derivative substituted with succinimidyl group is decreased. 

Isooropyl alcohol used in the process of the present invention for the crystallization has the flash temperature of 
1 2-C wEs SgCthan the flash [temperatures of conventionally used ethyl ether (,45'C) and petroleum ether (,1 8'C 
or lower) and the danger of causing fire is smaller. m 

In the process of the present invention, isopropyl alcohol which is added to thef ittrate containing the reartion prod- 
uct is Dreferably cooled to 5°C or lower, more preferably 0°C or lower. By cooling isopropyl alcohol, the yield of the com- 
Snd repr^rt^by general formula [2] is increased. The addrtion of isopropyl alcohol to the fytrate is conducted 
sZy Ze the filtrate is stirred. After the compound represented by genera, formula [2] has been crazed I toe 
resultant mixture is stirred for 1 to 2 hours. Then, the compound represented by general formula [2] wNch has been 
SaCrcn be separated by fittrafion under an increased pressure or under a reduced ^^SSS 
filtration. The separated compound represented by general formula [2] is preferably washed wrth an alphrtw hydrocar- 
bon having 5 to 8 carbon atoms in an amount by weight 3 to 10 times as much as the amount by weight of the com- 
pou^XerrteTby general formula [1]. The compound represented by general formula [2] which has been 
separated and washed is preferably dried in vacuo at 20 to 35"C for 10 to 25 hours. 

In the process of the present invention, the crystallization of the compound represented by general formula [2] by 
addrtion of isopropyl alcohol may be conducted only once or repeatedly. For the repeated crystallization, the compound 
represented by general formula [2] which has been precipitated by crystallization is dissolved to prepare a solution j and 
the compound represented by general formula [2] is crystallized again from the obtained solution. The solve* used for 
preparing the solution by dissolving the cornpourxlrepreserted by general torrmila [2] after the prec^^^ 
is not particularly limited. The same solvent as that used for the reaction may be used, or a solvent drfferent f rom that 
used forthe reaction may be used. The purity of the polyoxyalkylene derivative substituted with succinimidyl group ^s 
increased by the repeated crystallization. Therefore, the number of repeating of the crystallization can suitably be 
selected in accordance with the required purity of the polyoxyalkylene derivative substituted with succinimidyl group 

To summarize the advantages of the present invention, materials can be handled with safety in the process of the 
present invention, and a highly pure polyoxyalkylene derivative substituted with sucoinimidyl group which does not 
cause turbidity in an aqueous solution because the content of residual dicyclohexylurea is small and has an excellent 
quality as a material for drugs can be produced. 



EXAMPLES 

The present invention is described in more detail with reference to examples in the following, 
i Example 1 

In a four-necked flask. 200 g (22.7 mmol) of polyoxyethylene bis(carboxymethyl) ether represented by general for- 
mula [3]: 
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HOOCCH 2 0-(C 2 H 4 ) 197 -CH 2 COOH M 

was dissolved into 400 g of dich.oro.ne.hane. and the temperature of the ^f^*^^ 
solution was stirred. To this solution. 7.8 g (68.2 mmol) of ^ tf ^^^^^ 2 ^J^Z 
ylcartxxliimide were added, and the reaction was allowed to proceed at 30°C for 15 hours. The react.on so.ut.on 

^ATeJ^r^^Z^t reaction solution was filtered under an increased pressure by using Mo.5A 

IT^Slre waVSrred for 1 hour, the formed crystal was separated by the centnfugal fftrton at 2.000 

rPm Se 1 obtlrlSTcrvstal was dissolved into 400 g ofdichloromethane. and crystal was precipitated again from the 
r^ZS^bvSn^ 

■ft? final step, the obtained crystal was washed with 1.000 g of hexane and separated by Ihe centnfugal filtration at 
oxyethylene derivative substituted with succinimidyl group which is expressed by formula [4]: 

0 

^OOCCHaO-CCzH^Ot.T-CHzCOON^p - C4] 

The degree of activation of the carboxyl group at the end (the fraction of the carboxyl group converted into the in* 
30 doeS '^obtained polyoxyethylene derive was 97.5 % as obtained by fte ^uremem of ^H-NMR. A ^0 % 
by weight aqueous solution of this polyoxyethylene derivative showed a transmrttance of light of 650 nm of 96.4 %. 

Example 2 

In a four-necked flask 200 g (20.0 mmol) of polyoxyethylene monomethyl ether monosuccinate represented by 
general formula [5]: 

CH 3 0-(C2H 4 0)2 2 4-COC2H 4 COOH [51 

was dissolved into 400 g of dimethylformamide. and fte temperature of the resultant solution was kept at 30°C while 
Z^ ^TJto ftisStion, 3.5 g (30.0 mmoO of N-rvdro^nhryde aj^g^ * 
clohexylcarbodiimide were added, andfte reaction was allowed to proceed at 30-C fori 5 r«)urs. The reacts solution 
became turbid as the reaction proceeded. . - A 

^STe the reaction was completed, the reaction solution was filtered under an increased pressure by u»ngNo.5A 
f itter Xer (^meter of retained particles: 7 urn; a product of ADVANTEC Company) to remove ^hex^unea. 
To the mrate. 1 .500 g of isopropyl alcohol which had been cooled to O'C ^J^^^J^Z ^O 
After fte resultant mixture was stirred for 1 hour, fte formed crystal was separated by fte centrifugal f titration at 2.000 

^ThVobSd^stal was dissolved into 400 g of dimethylformamide. and crystal was precipitated again from fte 
resuSSon tJaSing drcpwise 1 ,500 g of isopropyl alcohol which had been cooled to ^Atter fte r^ultart muc- 
Z»£ SmSfoM hour.ftel^ed crystal was separated by fte carrtri^^ 

fte final step, fte obtained crystal was washed with 1.000 g of hexane and separated by fte centrifugal filtration at 
^^n^^was dried in vacuo at 25 "C for 12 hours to obtain 183 g (the yield: 90.6%) of an activated poly- 
55 oxyethylene succinate substituted with succinimidyl group which is expressed by formula [6]: 
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CH,0-(C 8 H 4 0)m-COC 2 H4COON^ 

O 



[6] 



10 



The degree of activation of the carboxyl group at the end of the obtained compound was 96.9 % as obtained by the 
measurement of 1 H-NMR. A 10 % by weight aqueous solution of this polyoxyethylene derivative showed a transmrt- 
tance of light of 650 nm of 97. 1 %. 

is Example 3 

In a four-necked flask, 200 g (100.9 mmol) of polyoxyethylene monomethyl monocarboxymethyl ether represented 
by general formula [7]: 

CH 3 0-<C2H40)43-CH2COOH t 7 ! 



20 



was dissolved into 450 g of toluene, and the temperature of the resultant solution was kept at 30"C while the solution 
was stirred. To this solution, 17.4 g (151 .4 mmol) of N-hydroxysuccinimide and 31.2 g (1 51.4 mmol) of dicyclohexylcar- 
bodiimide were added, and the reaction was allowed to proceed at 30«C for 15 hours. The reaction solution became 
25 turbid as the reaction proceeded. 

After the reaction was completed, the reaction solution was filtered under an increased pressure by using No.5A 
filter paper (the diameter of retained particles: 7 nm; a product of ADvANTEC Company) to remove dicyclohexylurea. 
To the filtrate, 2,000 g of isopropyl alcohol which had been cooled to 0»C was added dropwise to precipitate crystal 
After the resultant mixture was stirred for 1 hour, the formed crystal was separated by the centrifugal filtration at 2,000 

rpm fori ^."^^ ^ djsso|ved jnto 450 g of to | u e ne , and crystal was precipitated again from the resultant solu- 
tion by adding dropwise 2,000 g of isopropyl alcohol which had been cooled to 0°C. After the resultant mixture was 
stiired for 1 hour, the formed crystal was separated by the centrifugal filtration at 2,000 rpm for 1 5 minutes. In the final 
step, the obtained crystal was washed with 1 .000 g of hexane and separated by the centrifugal filtration at 2,000 rpm 

1 The'obt?ned crystal was dried in vacuo at 25'C for 12 hours to obtain 169 g (the yield: 80.6 %) of an activated poly- 
oxyethylene derivative substituted with succinimidyl group which is expressed by formula [8]: 



40 

CH,O-(CiH40)4»-CHtCOON 

O 

45 

The degree of activation of the carboxyl group at the end of the obtained compound was 98. 1 % as obtained by the 
measurement of 1 H-NMR. A 10 % by weight aqueous solution of this polyoxyethylene derivative showed a transmit- 
so tance of light of 650 nm of 96.9 %. 

Example 4 

In a four-necked flask. 200 g (20.0 mmol) of polyoxyethy1enei»lyaxypropylene monomethyl ether monosuccinate 
55 represented by general formula [9]: 

CH 3 O-<C2H4O) 2 05(C3H 6 O) 1 5-COC 2 H4COOH [9] 
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15 



was dissolved into 400 g of dimethylformamide. and the temperature of the resultant soUJion .was 
ZSSXZ stirreAo this so,ution. 3.4 g (29.9 mmol) ^SS^^ S«S2 ££. 
clohexylcarbodiimide were added, and the reaction was allowed to proceed at 30 C for 15 hours, 
became turbid as the reaction proceeded. . Unt . 

™ the reaction wa8 coveted, the reaction solution was tittered under an increased pressure by uang NoSA 

'^T^nS^crvstal was dissolved into 400 g of dimethylformamide, and crystal was precipitated again from the 
ox/awene surainMe ajbaNuted with MaMffikftl gmup which is aprmad by torn* t«fl- 



20 



25 



CH3O-(C»H4O)206(C,H 6 O)t5-COC ) 

O 



: 2 H 4 COON^p 



[103 



The deoree of activation of the carooxyl group at the end of the obtained compound was 97.0 % as obtained by the 
m ea^X d 1 H^A10 % by weight aqueous solution of this polyoxyethylene derivative showed a transmtt- 
30 tance of light of 650 nm of 98.0 %. 

Example 5 

In a four-necked f lask, 200 g (1 0.0 mmol) of glycerol polyoxyethylene tris(carboxymethyl ether) represented by gen- 
35 eral formula [11]: 

CH l O-(C,H«0), 5 o-CH 2 COOH 
" CHO-(C«H40)t B o-CH,COOH 

CHtO-CCH^i.o-CHtCOOH - CI 13 



45 



was dissolved into 400 g of dimethylformamide, and the temperature of the resultant solution was kept at 30-C while 
fte soS Stirred To this solution, 5.2 g (44.9 mmol) of N-hydroxysuccinimide and 9.2 g (44.9 mmol) of dicy- 
doh^ca^ 

50 b ^l^iVr«XS?t reason solution was tittered under an increased pressure by u«ng N0.5A 
fitter pWr Jhe^meter of retained particles: 7 ^m; a product of ADVANTEC Company) to remove d.cyctohexy^rea 
T fSSS\ 500 g of isopropy. aEho. which had been cooled to 0-C I,SS 
After the resultant mixture was stirred tor 1 hour, the formed crystal was separated by the centrifugal filtration at 2,000 

55 rPm T^e 1 cSI^rystal was dissolved into 400 g of dimethytformamide. and crystal was prated again from the 
resuteZSon by*£ing dropwise 1 . 500 g of isopropyl ricohd v^ich had been cooled to 0»C. After Je resultant m«- 
u^SsSnaJfor 1 hour theToLed crystal was separated by the centrifugal filtration at 2.000 rpm fori 5 mrnutea In 
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the final step, the obtained crystal was washed with 1.000 g of hexane and separated by the centrifuge] filtration at 
oxyethylene derivative substituted with succinimidyl group wh.ch .s expressed by formula [12]. 

0 



10 



15 



20 



CH t O-(CiH4O) IS0 -CH t COON 



0 
O 



CH 



O-CC^OW-CHiCOON^ 

O 
O 

.O-CC.HiO^m-CHiCOON^] 



[12] 



25 The decree of activation of the carboxyl group at the end of the obtained compound was 95.7 % as obtained by the 
tnJSS^SSSS^i 10 % by J2& aqueous solution of this po.yoxyethy.ene derivative showed a transmrt- 
tance of light of 650 nm of 97.7 %. 

30 Example 6 

In a four-necked flask, 200 g (19.9 mmol) of glycerol polyoxyethylene tris(succinate) represented by general for- 



mula [13]: 



35 



40 



45 



50 



CH*0-(CiH40)t.-COC«H4COOH 
CHO-CCtHUOt.-COC.HiCOOH 
CH 2 0-(C,H40) 7! -COC 8 H«COOH -1181 



was dissolved into 400 g of dichtoromethane. and the temperature of the ™ 

solution was stirred To this solution, 10.3 g (89.7 mmol) of N-hydroxysucanimide and 18.5 g (89.7 mmol) of dicyctohex 

^SSSS^JS^Si the reason was allowed to proceed at 30'C for 15 hours. The reaction solution 

beC9 Z^^^^ reaction solution was fiHered under an increased pressure by using No.5A 
fiKew(thedSt* of reined particles: 7 m a product of ADVANTEC Company) to remove <*cyctohexylurea. 
To Sate 2 000 g of isopropyl alcohol which had been cooled to O'C was added dropwtseto preaprtate crysteL 
A^e^ten^eTSed for 1 hour, the formed crysta. was separated by the centrifugal titration at 2.000 

rPm SecSaTaystaJ was dissolved into 400 g of dichloromethane. and ^^J'f^^^^ . 
resutent solution by adding dropwise 2.000 g of isopropyl alcohol which had been cooled to 0°C. After fr« resultant ma- 
SS MdM hour the^rmed crystal was separated by the centrifugal f Btration at 2.000 rprnfor 1 5 minutes. In 
the *t£ STl» obtain^ crystal was washed with 1 .000 g of hexane and separated by the centrrfugal f .ftration at 

^ThTobSr^^^^ 



10 



EP 0 839 849 A1 

oxyethylene tris(succinate) substituted with succinimidyl group which is expressed by formula [1 4]: 

0 



10 



15 



20 



25 



30 



35 



CH,0-(C,H40)t»-COC,H4COON 



2 



0 
Q 



CHO-(C,H40)73-COC,H4COON^] 

0 
0 

,0-(CtH40)7i-COC I H«COON^) 



CH 



[14] 



The degree of activation of the carboxyl group at the end of the obtained compound was 98.0 % as obtained by the 
measurement of 'H-NMR. A 10 % by weight aqueous solution of this polyoxyethylene derivative showed a transmit- 
tance of light of 650 nm of 97.5 %. 

Example 7 

In a four-necked flask, 200 g (39.9 mmol) of polyoxyethylene monomethyl monocarboxymethyt ether represented 
by general formula [15]: 

CH 3 0-(C2H 4 0) ni 2-CH 2 COOH [15J 

was dissolved into 400 g of dichloromethane. and the temperature of the resultant solution was kept at 30"C while the 
solution was stirred. To this solution, 6.9 g (59.8 mmol) of N-hydroxysuccinimide and 12.3 g (59.8 mmol) of dicyclohex- 
ylcarbodiimide were added, and the reaction was allowed to proceed at 30«C for 15 hours. The reaction solution 
became turbid as the reaction proceeded. .. .. 

After the reaction was completed, the reaction solution was filtered under an increased pressure by using No.5A 
40 filter paper (the diameter of retained particles: 7 nm; a product of ADVANTEC Company) to remove dicyclohexylurea. 
To the filtrate 2 000 g of isopropyl alcohol which had been cooled to 0 9 C was added dropwise to precipitate crystal. 
After the resultant mixture was stirred for 1 hour, the formed crystal was separated by the centrifugal filtration at 2.000 

rpm for 15 minutes. . , . 

The obtained crystal was dissolved into 400 g of dichloromethane, and crystal was precipitated again from the 
45 resultant solution by adding dropwise 2,000 g of isopropanol which had been cooled to 0°C. After the resultant mixture 
was stirred for 1 hour, the formed crystal was separated by the centrifugal filtration at 2,000 rpm for 15 minutes. In the 
final step, ttie obtained crystal was washed with 1,000 g of hexane and separated by the centrifugal filtration at 2,000 
rpm tor 15 minutes. 

The obtained crystal was dried in vacuo at 25°C for 12 hours to obtain 165 g (the yield: 80.9 %) of an activated poly- 
50 oxyethylene derivative substituted with succinimidyl groip which is expressed by formula (1 6]: 



55 
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CH»0-(CH4O)ux-CHtC00N-^] 



[161 



The degree of activation of the caifcoxyl group at the end of the obtained compound was 99.0 % as obtained by the 
measurement of 1 H-NMR. A 10 % by weight aqueous solution of this polyoxyethylene derivative showed a transmit- 
tance of light of 650 nm of 98.8 %. 

15 Comparative Example 1 

In a four-necked flask, 200 g (20.0 mmol) of polyoxyethylene monomethyl ether monosuccinate represented by 
general formula [5]: 

20 CHaO-tCa^OJ^-COCa^cOOH [5] 

was dissolved into 400 g of dimethylformamide, and the temperature of the resuftant solution was kept at 30°C while 
the solution was stirred. To this solution. 3.5 g (30.0 mmol) of N-hydroxysuccinimide and 6.2 g (30.0 mmol) of dicy- 
clohexylcarbodiimide were added, and the reaction was allowed to proceed at 30*C for 15 houra. The reaction solution 
25 became turbid as the reaction proceeded. . 

After the reaction was completed, the reaction solution was f iltered under an increased pressure by using No.5A 
filter paper (the diameter of retained particles: 7 nm; a product of ADVANTEC Company) to remove dicyclohexylurea. 
To the filtrate 1 .500 g of ethyl ether which had been cooled to 0°C was added dropwise to precipitate crystal. After the 
resultant mixture was stirred for 1 hour, the formed crystal was separated by the centrifugal filtration at 2,000 rpm for 15 

30 The obtained crystal was dissolved into 400 g of dimethytformamide, and crystal was precipitated again from the 
resultant solution by adding dropwise 1 .500 g of ethyl ether which had been cooled to 0°C. After the resultant mixture 
was stirred for 1 hour, the formed crystal was separated by the centrifugal filtration at 2.000 rpm for 1 5 minutes. In the 
final step, the obtained crystal was washed with 1.000 g of hexane and separated by the centrifugal filtration at 2,000 

M rPm ThVcbSnedaystal was dried in vacuo at 25°C for 12 hours to obtain 180 g (the yield: 89.1 %) of an activated poly- 
oxyethylene succinate substituted with succinimidyl group which is expressed by formula [6]: 



40 



45 



CH,0-(CtH40)«4-COC 2 H 4 COONr] 

O - C6] 



50 



The degree of activation of the carboxyl group at the end of the obtained compound was 96.5 % as obtained by the 
measurement of 1 H-NMR. A 10 % by weight aqueous solution of this polyoxyethylene derivative showed a transmit- 
tance of light of 650 nm of 80.5%. , . 

The solvent used for the crystallization, the yield of the polyoxyalkyiene derivative substituted with succinimidyl 
group, the degree of activation of the carboxyl group at the end. and the transmittance of light of 650 nm shown by the 
1 0 % by weight aqueous solution of the polyoxyethylene derivative in Examples 1 to 7 and Comparative Example 1 are 
55 summarized in Table 1 . 
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Table 1 





non-solvent used in crystalliza- 
tion* 


yieio \ yfe; 


UtJyiotJ \j\ auuvauui i 
(%) 


(%) 




isopropyl alcohol 


ethyl ether 








Pyorrtnlfl 1 
CACII 1 IfJIO 1 


10 




85.1 


97.5 


964 


Example 2 


7.5 




90.6 


96.9 


97.1 


Example 3 


10 




80.6 


98.1 


96.9 


Example 4 


7.5 




91.1 


97.0 


98.0 


Example 5 


7.5 




91.2 


95.7 


97.7 


Example 6 


10 




87.0 


98.0 


97.5 


Example 7 


10 




80.9 


99.0 


98.8 


Comparative Example 1 




7.5 


89.1 


96.5 


80.5 



: I ne amouni oi ine nuii-wivem uwu ■■■ mow * 

solvent to the amount ot the polyoxyalkylene compound having caiUoxyl group at the end which was used as the raw matenal. 

It can be understood from the results shown in Table 1 that the polyoxyalkylene derivatives substituted with succin- 
imidyl group in Examples 1 to 7 which were produced in accordance with the process of the present invention had high 
degrees of activation of the carboxyl group at the end and contained only small amounts of impurities as exhibited by 
the high transmittances of a light of 650 nm shown by the 10 % by weight aqueous solutions. In contrast, the polyoxy- 
alkylene derivative substituted with succinimidyl group in Comparative Example 1 which was obtained by crystallization 
by adding ethyl ether contained impurities in a larger amount than those in the polyoxyalkylene derivatives substituted 
with succinimidyl group in Examples 1 to 7 as exhibited by the lower transmrttance of light of 650 nm shown by 10 % by 
weight aqueous solution of the polyoxyalkylene derivative obtained in Comparative Example 1. 

Claims 

1 . A process for producing a polyoxyalkylene derivative substituted with succinimidyl group which is represented by 
general formula [2]: 

0 



/ 



\ 



[0{(CH»CH,0).(AO) fc }OCO(CH,).COON^] ], 

5'- 



Z - [OKCHtCH^OMAO.KCHO.COON, 



[O {(CH,CH«0).(AO) b } R]. 



[2] 



(wherein Z represents a residue group derived from a compound having 2 to 4 hydroxy, groups; R represents 
hydrogen atom or a hydrocarbon group having 1 to 24 carbon atoms; AO represents an oxyalkylene group having 
3 or 4 carbon atoms; a, d and g represent each an average number by mol of addition of oxyethylene group which 
is 0 to 1 ,000, and a-*d+g = 30 to 1 ,000 ; b, e, and h represent each an average number by mol of addition of oxy- 
alkylene group which is 0 to 200; (b+e+h)/(a-Kj4g) - 0 to 0.2 ; the oxyethylene groups and the oxyalkyiene groups 
are added to each other randomly or to form blocks; c represents 1 to 4; f represents 1 to 3; p represents 0 to 4; m 
represents 0 to 4; n represents 0 to 3; p and m do not simultaneously represent 0; and p+mwi o 2 to 4) 
which comprises reacting a polyoxyalkylene compound having carboxyl group at ends which is represented by gen- 
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eral formula [1]: 

, [OKCH,CH,0).(AO)»|OCO(CH.).COOH], 
z - [0{(CH t CHzO)-(AO)«l(CH»),COOH]- 
\ CO{(CHtCH»0)«(AO)h)R]- 



(wherein Z represents a residue group derived from a compound having 2 to 4 hydroxy! groups; R represents 
Se^ atom or a hydrocarbon group having 1 to 24 cartoon atoms; AO represents an oxyalkylene group having 
STSSta atoms- a. d and g represent each an average number by mol of addition of oxyetr^lene group wh.ch 
l oxoTm wdlrt* = 30 to 1*00 ; b. e. and h represent each an average number by mol of addttm of oxy- 
^ ene group licMsO to 200; (b+e+h)/^) = 0 to 0.2 ; the oxyethylene groups and the oxyalkylene groups 
are Sea to S other randomly or to form blocks; c represents 1 to 4; f represents 1 to 3; p represents 0 to 4; m 
represents 0 to 4; n represents 0 to 3; p and m do not simultaneously represent 0:a^ P+^ - 2 to 4 ) 
Si N-hydroxysuccinimide in an inert solvent in the presence of dicyclohexylcarbodumide; f tenng an obtained 
SrtonTrSuct and crystallizing the compound represented by general formula [2] by adding .sopropyl alcohol to 
IS&Vm mIo! an amTunt by weight of isopropyl alcohol being 1 to 100 times as much as an 
amount by weight of the compound represented by general formula [1]. 

2. A process according to Claim 1 , wherein the crystallization of the compound represented by genera I formula g is 
Tested by repeating procedures of dissolving the compound represented by general formula [2] ^as been 
separated by preceding crystallization in an inert solvent and crystallizing the compound represented by general 
formula [2] from an obtained solution by adding isopropyl alcohol. 

3. Aprocess according to Claim 1. wherein isopropyl alcohol is added at a t^erafore of FC o. ^«J^°^ 
by weight 2 to 50 times as much as an amount by weight of the compound represented by general formula [1]. 

4. A process according to Claim 2. wherein isopropyl alcohol is added at a temperature of ^^^^ 
by weight 2 to 50 times as much as an amount by weight of the compound represented by general formula [1]. 
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Description 

FIELD OF THE INVENTION 



10 



[0001] The present invention reiates to a process for producing a polyoxyalky ene *^ "J^JS 
cinimidyl group. More particularly, the present invention ^^^ im ^^^S^ 0 ^S^- 
derivative substituted with succinimidyl group which is mainly used or drugs, for ex ^;^ 
tides, physiologically active proteins, and enzymes with polyoxyalkylene groups, and modrf.cat.on wrth polyoxyalkylene 
groups in drug delivery systems using liposomes and polymer m.cells. 



)5 



20 



25 



30 



35 



PRIOR ART OF THE INVENTION 



rO0O21 In recent years, many attempts have been made for stabilizing drugs by chemical modification of physiolog- 
ffJlSX enzUs- Among these attempts, chemical modification with a 
has long been made, and polyoxyalkylene derivatives having carboxyl group at the end of the molecule are known as 

KoT7^^ -ving carbox, group at the end can general, be 

™S JUin to an activated polyoxyalkylene derivative substituted with succinimidyl group by the reaction w.th N- 

ification such as physiologically active proteins (the specifications of Japanese Patent Application La.d-Open , No 
ShoSl 987)- 1 M Japanese Patent Application Laid-Open No. Showa 63(1 988)-60938, and Japanese Patent 
ADDlication Laid-Open No. Heisei 4(1 992)- 164098). ...... „ 

[0004? HeStofore, for preparation of a polyoxyalkylene derivative substituted with 
Llkylene compound having carboxyl group at the end is brought into reaction wrth N*** 1 ^ 
solventsuch idimethylformamidein the presence of dicyclohexylcarbodiimide. Afterthe reaction has been completed, 
oti dS^rea is removed by filtration, and the filtrate is added into ^^^^ 
to oreciDitate the oolvoxyalkylene derivative substituted with succinimidyl group as the product (for example the spec 

Laid-Open No. Showa 62(1987)-89630. and A. Abuchowski et a... Cancer 
RiorhPm BioDhvs Volume 7, Pages 175 to 186, published in 1984). 

active proteins or drug delivery systems using | ip c«ome be produced in a controlled env.ronment such as a ctean ^ 
Se Ruction of polyoxyalkylene derivatives substituted with succinimidyl group, usmg a large amount of an ether 
n the crystallization process is not preferable in view of handling because ethyl ether and petroleum ether which have 
^retofl been used are volatiie. and the dangerof causing fire is larae. When* 

oetroleum ether complete removal of dicyclohexylurea formed from dicyclohexylcarbodi.rn.de dunng the reacfion is 
om Zs « When dicyclohexylurea is left remaining in the pohyoxya.ky.ene derivative .«*^^» 
imidyl group, an aqueous solution of the derivative becomes turbid, and using such a denvafve as a raw matenal for 
drugs is not desirable. 

40 SUMMARY OF THE INVENTION 

rOOOSl According,, the present invention has an object of providing a process for producing a highly pure polyoxy- 
Xtene deSl substituted with succinimidyl group which enables handling of materials with safety and prov.des 

IoooTas the result of the extensive studies conducted by the present inventors to soive the above problems, it was 
discovered that dicyclohexylurea can effectively be removed by reacting a polyoxyalkylene compound having cafcoxyl 

mixtore.andcrystall^^ 

so to the filtrate obtained by the filtration. The present invention has been completed on the base of the discovery. 
[0008] Thus, the present invention provides: 

(1 ) A process for producing a polyoxyalkylene derivative substituted with succinimidyl group which is represented 
by general formula [2]: 



55 
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20 
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40 



45 



50 



55 



0{(CH 2 CH 2 0).(AO).}OCO(CH 1 )«COOnQ]p 

0 o 

Z — [0((CH 2 CH 2 0)-(AO).)(CH i ) f COON^] ]- 

\ 0 

[0{(CHtCH 2 0).(AO) b }R]. ~ L2J 

fwherein Z represents a residue group derived from a compound having 2 to 4 hydroxy! groups; R represents 
C JTSLibon group having 1 to 24 carbon atoms; AO represents an oxyalkylene group having 
SSTSrt^m a. d and g represent each an average number by moi of addition of oxyethylene group wh,ch 
I oJdTS and a + d + g = 30 to 1,000; b, e, and h represent each an average number by mol of add.jon of 
oxya ky ene group which is 0 to 200; (b+e+hMa+d+g) = 0 to 0.2 ; the oxyethylene groups and the oxyalkylene 
glXe added'to each other randomly or to form blocks; c represents 1 to 4; f 

0 to 4- m represents 0 to 4; n represents 0 to 3; p and m do not simultaneously represent 0 and p+rm* - 2 to 4) 
which comprises reacting a polyoxyaikylene compound having carboxyl group at ends wh.ch ,s represented by 
general formula [1]: 



/ [0{(CH 2 CH 2 0).(AO).}OCO(CH 2 )«COOH]. 
Z - [0((CH 2 CH 2 6)-(AO).)(CHx).COOH]» 

N [OI(CH 2 CH 2 0)«(AO)h)R]. •"' C1] 



(wherein Z represents a residue group derived from a compound having 2 to 4 hydroxyl groups; R ^sente 
hydrogen atom or a hydrocarbon group having 1 to 24 carbon atoms; AO represents ^ t ^r^!S 
3 or 4 carbon atoms; a, d and g represent each an average number by mol of addfton of oxyethylen ' 0™j£«* 
is 0 to 1 000, and a+d+g = 30 to 1,000; b, e, and h represent each an average number by mol of add ton of 
oxya ky ene group which is 0 to 200; (b+e+h)/(a+d+g) = 0 to 0.2 ; the oxyethylene groups and the oxyalkylene 
glpl are added to each other randomly or to form blocks; c represents 1 to 4; f represents 1 to 3; p represents 
0 to 4- m represents 0 to 4; n represents 0 to 3; p and m do not simultaneously represent 0; and p+m+n -2 to 4) 
w th N-hydroxysuccinimide in an inert solvent in the presence of dicyclohexylcarbodiimide; Wtenng an ob a.ned 
ruction product; and crystallizing the compound represented by general formula [2] by adding .sopropyl alcohol 
to a filtrate obtained by the filtration, an amount by weight of isopropyl alcohol being 1 to 100 tomes as much as 
an amount by weight of the compound represented by general formula [1 1; 

(2) A process according to Claim 1 , wherein the crystallization of the compound represented by general fomuila 
2 is repeated by repeating procedures of dissolving the compound represented by general formula [2] wh.ch has 
been separated by preceding crystallization in an inert solvent and crystallizing the compound represented by 
general formula [2] from an obtained solution by adding isopropyl alcohol: 

(3) A process according to Claim 1 , wherein isopropyl alcohol is added at a temperature of ff"C or lower in an 
amount by weight 2 to 50 times as much as an amount by weight of the compound represented by general formula 

J) Cocess according to Claim 2, wherein isopropyl alcohol is added at a temperature of CPC or lower in an 
amount by weight 2 to 50 times as much as an amount by weight of the compound represented by general formula 

m. 

DETAILED DESCRIPTION OF THE INVENTION 

[0009] In the present invention, a polyoxyaikylene compound having carboxyl group at the end which is represented 
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by general formula [1]: 
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[0((CH 2 CH 2 0).(AO).}OCOCCHx)«COOH]p 
z - [0 {(CHzCH 2 0)d(AO)«}(CH 2 ).COOH] ol 

x [0{(CH 2 CH 2 0)«(AO)h}R]. - [13 

££££ 0? H 0 » « n w««s 0 to 3; p art m do no, aim***™* -epras*™ 0. and p«™ . 

™ SumSSSi octylpheny) group, nonylphenyl group, dodeoylphenyl group. d,ocy P heny. group and d , 

^^^^^^^^^^^^ 

[0013] In general rormuia p j, a, a, an , y ih me ^ Qf d and |S , ess than 

fh»n 1 000 there is the possibility that the viscosity is excessively high to cause infenor workability. 
Soli' in general « JJ and h represent each the average number of addition of an oxyjkvtene group 
[0014] in gmn^muai • • £ 20Q ^ ratjo (b+e+ hy(a+d+a which is the ratio of the 

Hero^d^^ 

of JSSta ^ethylene group is more than 0.2, the polyoxyalkylene derivative substituted w,th sucammidy. group 
tends to be liquid to cause difficulty in forming precipitates in the crystallization. 

00151 h general formula [1], c and f represent each the number of methylene group, c represents 1 to 4 and f 
45 Stents f to 3 l£ when c represent 5 or more or when f represents 4 or more, the raw matenal is difhcult to 

mam In oeneral formula (1 ], p, m, and n represent each the number of the functional group at the end in the residue 
mJSdSMNM from the compound having hydroxy! groups, p represents 0 to 4, m represents 
? to 4 7SZ£t2£Z to 3. p*™ is 2 to 4. .n genera, formula [1 1. p and m do not simultaneously represent 0, i. 
50 e the compound represented by general formula [1] has at least one carboxyi group. tthaan ^ Ml ^ 
rooV*T£eproce^ 

Presented by general foLla [11 is brought into reaction with N-hydroxysuocinim.de in an inert solvent m the 
pZ^TZ^^^J^ to synthesize the pohyalkylene derivative substituted with succn.midy. group 
which Is represented by general formula [2]: 



55 
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u 

COKCH,CH»0).(AO)OOCO(CHt).COON^J ]. 

0 0 

z _ [0((CHtCH t 0)-(A0).}(CH»),C00N^P 3- 
\ [0KCHtCH*0).CA0)^R3. *" [2] 

,n genera. « [2 ,, Z represents a residue group 

resents hydrogen atom or a of ethylene group 

having 3 or 4 carbon atoms; a, d and g represent each the average nu ^° y ^ b m0 , of addition 0 f 

which is 0 to 1,000. and a + d + g = 30 to groups 
oxyalkylene group which is 0 to 200; (b+e-hyta+d+g) = 0 to 0.2 the JWJJB ^ represents 0 to 4; m 
are added to each other randomly or to form blocks; c represents 1 to 4, f represents i 10 o p r«p 

the compound represented by general formula [1 ^ ^^^l^Z^XM^B chloroform, dichlo- 

^r^^lufa Ml aZn, b, md o. dbyctoh.^lcatoHmkle is lessen amount by mol 

SC^ dL7^e^ P the possibiiity that the purity of the polyoxyal^ene derivative substituted w,th 
^r^T^^P-en. invention, the temperature of the reaction of the 

2 Z t Te «S C^nveSon of the reaction is not increased sufficiently. When the temperature of the 
there is the _™ ™ undesirable side reactions, such as decomposition of succm- 

react,on is h.gher *J JJJJJ, „ represente d by general formula [1] with N-hydrox- 
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£2, in the process of the present invention, the compound represented by general ,0 7' a j^^j;'^ 0 
reaction wit! N-Sydroxysuccinirnide in the presence of dicyclohexylcarbodiimide. °^^ rea ^ZT^ 
acSn of d^clohexylcarbodiirnide with water is removed from the reaction solution by filtrat.cn 
SSt The Sxylylene derivative substituted with succinimidyl group which is represented by general formula [2] 

foSaT^e material of the filter used for the filtration is not particularly limited as long as crystal of dicyclohexylurea 
55 is Sly solubL the solvent used for the reaction can be removed. In general, filters ^ re ^c.es 
2213 1 to 10 urn have resistance to the solvent, and are made of various materials, such as paper and 
gSan^ 

an added pressure or under a reduced pressure and centrifugal filtration, , can I do used crvsta „ ized by 

[0024] In the process of the present invention, the compound represented by general formula [2] .8 «^zea °V 
adding isopopyl alcohol to the filtrate which is obtained by removing dicyclohexylurea from the reac h"»*>W» 
Son The amount by weight of the added isopropyl alcohol is 1 to 100 times, preferably 2 to 50 t.me, as much as 
tie aZuX^eigh o the compound represented by genera, formula [1]. When the amount by we.ght of .sopmpyl 
loholTs 2 thanthe amount by weight of the compound represented by general J£SS5SE 
sented by general formula [2] is not sufficiently crystallized, and there .s the possibility that the compound represented 
XSSSSm [2] is left remaining in the solution. When the amount by weight 0 -^f^™^ 
1 00 «mes as much as the amount by weight of the compound represented by general formula [1 ], the tota volume .s 
LcreLsed to cause increase in the time for the filtration, and the workability is decreased Moreover, there is the pos- 
sibility that the yield of polyoxyalkylene derivative substituted with sucan.rn.dyl group .s decreased 
fS isooropyl alcohol used in the process of the present invention for the crystall.zat.on has the flash tempe^ 
of 1?C whtch is higher than the flash temperatures of conventionally used ethyl ether (-45-C) and petroleum ether (- 
1 ft°n or loweri and the danger of causing fire is smaller. . * 

0026? Se process of the present invention, isopropyl alcohol which is added to the filtrate con ta.n.ng b«» 
oroduct is preferably cooled to 5°C or lower, more preferably 0°C or lower. By coohng .sopropyl alcoho , the yield of 
fhTcom Z d^es?nte7by general formula [2] is increased. The addition of isopropyl alcoho, to the filtrate • con- 
duc^sSwhSe the filtrate's stirred. After the compound represented by general ,0^ 
the resultant mixture is stirred for 1 to 2 hours. Then, the compound represented by general formula [2] which has been 
cryJSSca^ be separated by filtration under an increased pressure or under a reduced pressure or by r centnfugal 

compound represented by general formula [2] is preferably washed w,th 
carSrhaving 5 to 8 carbon atoms in an amount by weight 3 to 10 times as much as the amount by weight ^ofthe 
JpIId represented by genera, formula [1]. The compound represented by general formula [2] wh,ch has been 
seoarated and washed is preferably dried in vacuo at 20 to 35°C for 10 to 25 hours. 

S^nTe P^cess of the present invention, the crystallization of the compound represented by genera, foam* 
2] b/addition of isopropyl a.coho. may be conducted only once or repeated*. For the repeated crysMon^ the 
compound represented by general formula 12] which has been precipitated by crystallizafon ,s dssolved to prepare a 
soE ^. and the compound represented by genera, formula [2] is crystallized again from the obUuned so.ut.or. The 
solvent used for preparing the solution by dissolving the compound represented by general formula [2] after the pre- 
ceding crystallizatio .is not particularly limited. The same solvent as that used for the ^ 
Swerent from that used for the reaction may be used. The purity of the polyoxyalkylene denvative subsisted w.th 
Swd7gS is increased by the repeated crystallizati^ 

oanTuS be selected in accordance with the required purity of the polyoxyalkylene derivative subsided wrth suc- 

rowarrsTmrnarize the advantages of the present invention, materials can be handled with safety in the process 
of the oresent invention and a highly pure polyoxyalkylene derivative substituted with succinimidyl group whrch does 
notcaS^ 

quality as a material for drugs can be produced. 
EXAMPLES 

[0029] The present Invention Is described in more detail with reference to examples in the following. 
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Example 1 

[00301 lnafour-neckedflask.200^ 
formula [3]: 

HOOCCH 2 0-(C 2 H 4 ) 197 -CH 2 COOH PI 
was dissolved into 400 g of dichloromethane, and the temperature of the resultant f^ Q ^^^^^ 

SSSr rne^reac^lompleted. the reaction solution was filtered under an increased pressure by using No. 
SAfilterpaJe (TheSeter of retained particles: 7, m; a product of ADVAN^^^ 

To he Zte 2 000 g of isopropyl alcohol which had been cooled to 0=0 was added dropw.se to preapitate crystal 
Afte"e«^ was sled for 1 hour, the formed crystal was separated by the centnfuga. filtration at 2,000 

raM? 1 Th7obt2ned crystal was dissolved into 400 g of dichloromethane, and crystal was precipitated again from 
*Z1£1^»S*V dropwise 2,000 g of isopropyl alcohol which had been cooled to 0>C. After the resultant 
SZSmWi hour, le formed crystal was separated by the centrifugal filtration at 2.000 rpm for 5 minutes 
In The ITsttZ obtained crysta. was washed with 1 ,000 g of hexane and separated by the centnfugal filtration at 

polyoxyethylene derivative substituted with succinimidyl group which is expressed by formula [4]: 

>OOCCH 2 0-(C 2 H40) I9 T-CH 2 COON^] - [43 

[0034] The degree of activation of the carboxyl group at the end (the fraction of the carboxyl group converted into 

he im idoester) of the obtained polyoxyethylene derivative was 97.5 % as obtained by the 

A 10 % by we ght aqueous solution of this polyoxyethylene derivative showed a transmrttance of light of 650 nm of 



40 



45 



96.4 %. 



Example 2 

[0035] In a four-necked flask, 200 g (20.0 mmol) of polyoxyethylene monomethyl ether monosuccinate represented 
by general formula [5]: 



CH 3 0— (C 2 H 4 0)22 4 -COC 2 H 4 COOH 



15] 



was dissolved into 400 g of dimethylformamide, and the temperature of the resultant solution was kept at 30°C wtnle 
TsoS was stirred To this solution, 3.5 g (30.0 mmol) of N-hydrcxysuocinimide and 6.2 g 00.0 mmol) of dicy- 
ctoh^TcL)diimide were added, and the reaction was allowed to proceed at 30>C for 1 5 hours. The reaction solution 

50 became turbid as the reaction proceeded. , . „ M _ 

[0036] Afterthereactionwas«>mpleted,thereactionsolutionwasfilteredunderan^ 
5AfiSrpaper(thediameterof retained panicles: 7^; a product of ADVANTEC Comply) to r«m^ 
To the filtrate. 1 ,500 g of isopropyl alcohol which had been cooled to 0°C was added dropw.se to prec.prtate crystal 
Ifter!he resultant mixture was stirred for 1 hour, the formed crystal was separated by the centnfugal filtration at 2,000 

FOMtT 1 Theoblained crystal was dissolved into 400 g of dimethylformamide. and crystal was precipitated again from 
t^lltln^ 
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CH,0-(CzH.O), 1 «-COC 1 H.COOnQ - C6] 

o 

transmittance of tight of 650 nm of 97.1 %. 
Example 3 

10040] in a four-necked flask, 200 g (1 00.9 mmo.) of polyoxyethy.ene monomethyl monooarboxymethy. ether repre- 
sented by general formula [7]: 

CH 3 0-(C 2 H 4 0) 43 -CH 2 COOH N 
polyoxyethylene derivative substituted with succinimidyl group which ,s expressed by formula 18]. 
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CH.0-(C.H40)«-CH«C00N^3 

O 



[83 



rnnddi The dearee of activation of the carboxyl group at the end of the obtained compound was 98.1 % as obtained 
K2 m^a— tofSMR. A 10 % by wefght aqueous soiutton of fhis polyoxyethyiene denvafve showed a 



transmittance of light of 650 nm of 96.9 % 
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Example 4 

[0 045] ,nafou,nec k ed«as,^^ 
cinate represented by general formula [9]: 

CH 3 »-(C s H < O) s05 (C s H,O), s -C0C ! H < COOH H 

L JdM «**» by M drop*. 1 .500 g of . - e "^SS«2.000n»fc.15n* U ».. 
2,000 rpm for 1 5 minutes. . . 1 84 (the yie | d: 91 .<| o /o) of an activated 



25 



30 



CH»0-(C,H«0)t.i(C»H,0)n-COC 



u 

H 4 COON^P 



[103 

as obtained 



transmittance of light of 650 nm of 98.0 %. 
Example 5 

l0 050] .n a four-necked flask. 200 g (1 0.0 mmo.) of glycero. pofyoxye.hy.ene tris(oarboxyme«hy. efher) represented 
by general formula [11]: 

CH 2 0-(C l H40), S o-CH2COOH 
CHO-(C*H<0) l5 o-CH t COOH 
CH I 0-(C t H«0) I8 o-CH l COOH - [1.1] 

wasdisso,ved^ ^ 
became turbid as the reaction proceeded. increased pressure by using No. 
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■ a ,~hm «,hirh had been cooled to 0>C was added dropwise to precipitate crystal. 

TreLtantsolutionbyaddingd 
?0053^ 

polyoiethytene derivative substituted with sucoinimidyl group which . expressed by formula [12]. 

o 

CH t O-(C»H«O)ii 0 -CHtCOON^ 
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CHO-(C*H«0)im-CHiCOON 



0 
O 

o 

0 



H»0-(C,H«0)ii.-CHtCOON^] 



0 -[123 

transmittance of light of 650 nm of 97.7 %. 
Example 6 

10055] in a four-necked flask. 200 g (1 9.9 mmo.) of glycerol polyoxyethylene tris(sucoin a te) represented by genera, 
formula [13]: 



CH»0-(C l H«0)73-COC t H«COOH 
CHO-(C 1 H40)t,-COC«H«COOH 
CH»0-(C t H40)t,-COC,H4COOH -LI 3] 



[0056] Aftertne reacuon w^ » - - dADVA NTEC Company) to remove dicyclohexylurea. 
rpm for 15 minutes. 
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[0057] The obtained crystal was dissolved into 400 g ol dichloromethane. and ^^J^^SSSZ 
Euftantso.^ 

^SrTn-btatd^ 

polyoxyethylene tris(succinate) substituted with succinimidyl group which .s expressed by formula [14]. 
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CH 



1 O-(C 1 H40)t3-C0C 1 H < COON^] 



0 
0 



CHO 



-(C 2 H<0) 7S -COC t H<COON^] 



0 
0 



H 2 0-(C 2 H<0) 78 -COC t H«COON^] 



[14] 



r00591 The degree of activation of the carboxyl group at the end of the obtained compound was 98.0 % as obtained 
by the moment of 'H-NMR. A 10 % by weight aqueous solution of this polyoxyethylene denvative showed a 
transmittance of light of 650 nm of 97.5 %. 

Example 7 

[0060] In a four-necked flask, 200 g (39.9 mmol) of polyoxyethylene monomethyl monocarboxymethyl ether repre- 
sented by general formula [15]: 



CH 3 O-(C 2 H 4 0) 112 -CH 2 C00H 



[15] 



was dissolved into 400 g of dichloromethane, and the temperature of the resultant solution was kept a 30= C white > the 
ITutowasS 

Erpap^^ 

To he fittrate 2 000 g of isopropyl alcohol which had been cooled to 0>C was added dropw.se to precipitate crystaL 
lr me^u«Lre was sTmsd for 1 hour, the formed crystal was separated by the centrifugal fltrafon at 2.000 

so m£] ^Sned crystal was dissolved into 400 g of dichloromethane. and crystal was precipteted I again ^from 
^resultant solution by adding dropwise 2.000 g of isopropanol which had been cooled to 0>C. After the resultant 
^re^ 

In the final step, the obtained crystal was washed with 1 ,000 g of hexane and separated by the centnfugal filtration at 

es [^r^btatdc^ 

polyoxyethylene derivative substituted with succinimidyl group which is expressed by formula [16]. 
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10 



CHsO-(C 2 H40)ii2-CH 2 COON^] 



[16] 



transmittance of light of 650 nm of 98.8 %. 



Comparative Example 1 

, 5 [0065] in a four-necked flask. 200 g (20.0 mmol) of polyoxyethylene monomethyl ether monosuccinate represented 
by general formula [5]: 

C H 3 0-(C 2 H 4 0) 224 ^COC 2 H 4 COOH l 5 l 



20 



25 



30 



35 



40 



was dissolved into 400 g of diethylamide, and the temperature of the T*!^?^^?^ 

::sl«e was 22l * formed orysta. was separated by the centrifuge, filtration at 2,000 rpm for 

ImT^e obtained crystal was dissolved into 400 g of 
Llltant^ 

polyoxyethylene succinate substituted with succinimidyl group which .s expressed by formula [6]. 



U 

0 



CH,0-(C t H40)2*4-COC 2 H«COON v 

6 - [6] 

[0069] Thedegreeofactivationofthecarb^^^^ 

by the measurement of 'H-NMR. A 10 % by weight aqueous solution of the polyoxyethylene denvahve showed a 

so Z the dtg^ «^ 
10 % by weight aqueous solution of the polyoxyethylene derivative .n Examples 1 to 7 and Comparat,ve Example 1 

are summarized in Table 1. 



55 
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Table 1 



10 



15 



20 



25 



Example 1 
Example 2 
Example 3 
Example 4 
Example 5 
Example 6 
Example 7 
Comparative 
Example 1 



non-solvent used in crystallization 



isopropyl 
alcohol 



10 
7.5 

10 
7.5 
7.5 

10 

10 



ethyl ether 



yield (%) 



85.1 
90.6 
80.6 
91.1 
91.2 
87.0 
80.9 
89.1 



degree of 
activation (%) 



97.5 
96.9 
98.1 
97.0 
95.7 
98.0 
99.0 
96.5 



transmittance 

(%) 



96.4 
97.1 
96.9 
98.0 
97.7 
97.5 
98.8 
80.5 




exhibited by the high transmittals of a l.ght of 650 nm shown ^-"^SSawBto 1 which was obtained by 
the poiyoxyalkylene derivative substituted with succ.nim.dy group ^^^^^^^ederivativ^ 
oysUation by adding ether contained im^ 
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35 



40 



45 



Claims 

1. A process for producing a poiyoxyaikylene derivative substituted with succinimidyl group which is represented by 
general formula [2]: 



[OKCHzCHzO.CAOOOCOCCH^.COON 
- [OKCH 1 CH20).(AO)«}(CH2),COON N |], 



50 



55 




[OKCHzCHiO.CAOhl R3- 



[23 



r-^n z reoresents a residue group derived from a compound having 2 to 4 hydroxyl groups; R represents 

££*Tfl£ 0*to 200; (b^Wd+g) = 0 to 0.2 ; ^^t^^^S!!SS 

groups are added to each other randomly or to form blocks; c represents 1 to 4; f 

0 toTm presents 0 to 4; n represents 0 to 3; p and m do not simultaneously reprosen ^ J«££J2 
wWch comprises reacting a poiyoxyalkylene compound having carboxyl group at ends wh,ch . represented by 
general formula [1J: 
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[OKCH,CH,0>.(AO).lOCO<CH.).COOH]. 
Z - [OKCH,CH.O)*(AO).KCH.).COOH]. 

\ [0KCH«CH,0).(A0) fc ]R3. "' C1] 

(.Herein Z represents a residue group derived Jjj, . ^^^1^^^^^ 

an amount by weight of the compound represented by general formula [1]. 
general formula [2] from an obtained solution by adding isopropyl alcohol. 

Patentanspriiche 

1. Verlahren zur Heratellung eines mit Succinimidylgruppen substttuierten Polyoxyalkylen-Derivats, welches durch 
die allgemeine Formel [2] reprasentiert ist: 

0 

COKCH»CH l O).(AO)0OCO(CH.).COON^) 3. 
J Q 0 



z'- CO{(CH»CH«0)-(AO).}(CH»),COON^] ]. 

o; 

v tO((CH»CH,0).CAO)>}R3. - C23 



(worin Z for einen Gruppenrest steht, der aus einer Verbindung mit 2 bis 4 Hydroxylgruppen i abgeleitet W Rr fur 
n fQr 0 bis 3 steht; p und m nicht gleichzeitig 0 bedeuten; und p+m+n = 2 bis 4 and), 
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welches das Umsetzen einer Polyoxya.ky.enverbindung mi. Carboxylgruppen an Enden, welche durch die a.lge- 
meine Formel [1] angegeben ist: 

y [Ol(CH,CH«O).CAO>0OCOCCHt).COOH3. 
Z - CO{(CH*CH,0)-(AO).l(CH,),COOH]- 

\ [Ol(CHxCH,0).(AO) k )R3» C1] 

VeSung der a.lgemeinen Formel [2] aus der erhaltenen Losung du rc h Zugabe von Isopropyialkohol. 



wird. 



4. 



Verfahren aemaB Anspruch 2, wobei Isopropyialkohol bei einer Temperatur von 0>C Oder darunter i n einer Ge- 
w^mTgeS 2 bis 50-fa^en der Gewichtsmenge der Verbindung der al.gemeinen Forme. [1] h-nzugesetzt 



wird. 



Revendlcations 

40 1. p r oc«kiedeproductiond-underivede P o^ 
par la formula g§n6rale [ 2] : 



[OKCH*CHiO).CAO)>}OCO(CHi).COOnQ ]. 

/ ■ 

Z~r- [Ol(CH,CH t O)«(AO).KCH,).COON^J 

\ O 
X CO(CCHxCH t O).(AO)0R]. " C21 



55 



. -spates- i> 



<dans laquelle Z represente un groupe residu derive d'un compose comprenant 2 a 4 groupes hydrate ; R re- 
T^Tra^Uy^Jo, un groupe hydrocarbone comprenant 1 a 24 atomes de carbone ; AO repre- 
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qui est represent par la formule generale [1] : 

y COlCCH.CH,0).CAO)JOCOCCH«).COOH]. 
Z - [OKCH«CHtO)-CA6).KCH,).COOH3- 

\ COKCH*CHtO),(AO)»)Rl. C1) 

(d ans .apueLe Z represente un groups r.sidu 

epresente un atome d'hydrogene ou un groupe lydiocarbon ^omprenant ^ 2 * ™ chacun un nombre 
sente un groupe oxyalkylftne comprenant 3 ou 4 atomes de carbon . a , d et g ^ntent c 

en poids du compose represent par laformule generale [1]. 
SSSi a partir d'une solution obtenue en ajoutant de I'alcool .sopropyhque. 



g§n<§rale [1]. 



50 




16 



